Background: Some symptoms at midlife are associated with stress, such as hot flashes, trouble sleeping, headaches, or depressed mood. Hot flashes have been studied in relation to laboratory stressors, physiological biomarkers, and self-reported stress, but less is known about hot flashes in relation to the larger context of women's lives. This study examined the risk of symptoms in relation to neighborhood disorder, exposure to neighborhood violence, social cohesion and perceived discrimination. We hypothesized that women exposed to more negative neighborhood characteristics and discrimination would be more likely to report hot flashes and other midlife symptoms. Methods: Participants were black and white women, aged 40 to 60, drawn from a cross-sectional investigation of race/ ethnicity, socioeconomic status, and blood pressure in New York City (n = 139). Demographic information, medical history, menopausal status, and symptoms were measured by questionnaire. Likert scales were used to measure neighborhood characteristics, specifically, the Neighborhood Disorder Scale, the Exposure to Violence Scale, the Perceived Violence Subscale, the Neighborhood Social Cohesion and Trust Scale, and the Everyday Discrimination Scale. Ten symptoms were included in analyses: lack of energy, feeling blue/depressed, backaches, headaches, aches/stiffness in joints, shortness of breath, hot flashes, trouble sleeping, nervous tension, and pins/needles in hands/feet. Each scale with each symptom outcome was examined using logistic regression analyses adjusting for significant covariates. Results: Black women reported higher scores on all negative neighborhood characteristics and discrimination, and a lower score on the positive Neighborhood Social Cohesion and Trust. Neighborhood Disorder was associated with feeling blue/depressed, aches/stiffness in joints, and hot flashes, and Perceived Violence was associated with aches/stiffness in joints, after controlling for model-specific covariates. There was a lower risk of backaches with increasing Neighborhood Social Cohesion and Trust score. The Everyday Discrimination Scale was associated with lack of energy. Lack of energy, feeling blue/depressed, aches/stiffness in joints, and hot flashes appeared to be most vulnerable to negative neighborhood context and discrimination. Conclusions: This study adds to the literature linking neighborhood environments to health outcomes. The associations between negative neighborhood contexts and discrimination with diverse symptoms, and the association between social cohesion and back pain, point to the need to expand analyses of stress to multiple physiological systems.
Background
Multiple symptoms have been associated with the menopausal transition. Some, such as hot flashes, are clearly associated with hormonal changes [1] [2] [3] [4] . Other symptoms, such as joint pain and headaches, may be associated with hormonal changes, but the evidence is less straight forward [5, 6] . Social, rather than hormonal, changes may be responsible for depressed mood or trouble sleeping in some women [7, 8] . Although not well established, certain studies suggest that stress may be associated with hot flashes [3, 9, 10] , trouble sleeping, headaches, and depressed mood [11] [12] [13] .
"Stress" can have multiple meanings, and has been measured in multiple ways. In relation to hot flashes, stress has been measured both inside the laboratory [14] [15] [16] and outside of the laboratory in relation to perceived stress scores [3, 9, 10] , cortisol levels [17] [18] [19] [20] [21] , measures of blood pressure [22] [23] [24] [25] , and C-reactive protein [10, 26] . Missing from these analyses is a consideration of the larger context of women's lives, specifically at the level of problems in the neighborhood and the social challenge of perceived discrimination.
A broad range of research links neighborhood social and economic environments to the health of residents [27] [28] [29] . Neighborhoods with high levels of poverty, violence, and disorder have been associated with detrimental effects on individuals residing in these areas [27, 30, 31] . Stress is related to the chronic difficulties encountered within neighborhoods, and this neighborhood stress has been reported to increase vulnerability to immune disorders and cardiovascular disease [32, 33] . Exposure to events known to elicit stressful emotions such as fear, anger, or depression have been assessed by two subscales (Neighborhood Disorder and Exposure to Violence) of the City Stress Inventory [34] . Studies among caregivers of children with asthma have shown an increase in asthma morbidity and depression in association with increasing levels of perceived violence [35, 36] .
Neighborhoods with low levels of social cohesion have been associated with increased rates of depression in the Multi-Ethnic Study of Atherosclerosis (MESA) Study [37] , coronary calcification in the CARDIA study [38] , and to increased risk of acute myocardial infarction mortality in Scania, Sweden [39] . Additionally, the Jackson Heart Study found that, in disadvantaged neighborhoods, low social cohesion was associated with higher levels of cumulative biological risk among African American men [27] .
Racial disparities in health have been posited to be linked to exposures of discrimination [40] . Self-reported unfair treatment or perceived discrimination has been reported to contribute to broad-based morbidity [41, 42] . Brondolo et al. [43] have reported that racial discrimination may also influence cardiovascular disease risk. It has been suggested that among African Americans, the experience of everyday unfair treatment leads to a cumulative biological "wear and tear" (or allostatic load [44] ) as measured across 22 biomarkers, representing seven system levels, of biological disintegration [45] . The results of that study, conducted among midlife African Americans, adds to the literature linking the stress of discrimination to effects on multiple downstream physiological systems [45] . There is also evidence from the Study of Women's Health Across the Nation (SWAN) linking higher levels of discrimination to higher levels of allostatic load [46] . In addition, in SWAN, the Everyday Discrimination Scale was administered at baseline and at each of the 13 follow-up periods. Chronic everyday discrimination was associated with more bodily pain, in fully adjusted models, among African-American, Chinese, and non-Hispanic white women [47] . Higher allostatic load levels, in addition to contributing to increased risk for many health outcomes [48] , may also contribute to greater reporting of midlife symptoms among both black and white women during this period of increased vulnerability.
The purpose of the study presented here was to examine the risk of symptoms at midlife in relation to neighborhood disorder, exposure to neighborhood violence, and perceived discrimination among black and white women living in New York City. We focused on hot flashes and night sweats because of previous studies that suggest a relationship between stress and vasomotor symptoms [3, 9, 10 ]. An additional reason for this focus was the suggestion that hot flashes and night sweats may be markers of cardiovascular disease risk [49, 50] . In addition, we examined other possible symptoms at midlife that could be associated with increasingly negative neighborhood characteristics and levels of discrimination. We hypothesized that women who report higher levels of neighborhood disorder, violence, and increasing experience of personal discrimination would be more likely to report hot flashes and other symptoms at midlife, even after controlling for age, ethnicity, BMI, and menopausal status. To our knowledge, this is the first study of symptoms at midlife among black and white women in relation to neighborhood context, beyond discrimination.
Methods
The Neighborhood Study of Blood Pressure and Sleep, conducted from September 1999 through July 2003, was a cross-sectional investigation of race/ethnicity, socioeconomic status, and diurnal blood pressure (BP) patterns [18, 51] . Data for this study were drawn from this parent study. Because this study examined both neighborhood characteristics and symptom experience at midlife, these data offer a unique opportunity to test our hypothesis that hot flashes are more frequently reported among those residing in a stressful environment.
Participants were recruited through fliers and word of mouth from Weill Cornell Medical College, Mount Sinai School of Medicine, Harlem Hospital, and North General Hospital using a common protocol and consent form approved by the institutional review committee at each of the four institutions. At recruitment, women were 18 to 65 years old, white or black, had no previous cardiovascular disease, and no major medical problems other than hypertension (n = 211). Those who were eligible and chose to participate completed informed consent before initiating study procedures. The analyses here focus on women aged 40 to 60 (n = 139) at the time of interview in order to better assess symptoms at midlife; thus, this is a subset of a larger study.
Data collected
Participants completed a self-administered demographic and medical history questionnaire that included questions about education, smoking habits, and menstruation. Age and race/ethnicity were self-reported. Questions about menopausal status queried the last menstrual cycle, whether menstruation had occurred in the previous 12 months, menstrual regularity, and whether cycles had changed in length. Post-menopausal status was defined as having had at least 12 months of amenorrhea. Peri-menopausal status was defined by missed menstrual periods and significant changes in menstrual cycle regularity and length. Pre-menopausal status was defined as having regular menstruation. These categories were used in lieu of the STRAW+ 10 stages [52] because of the cross-sectional nature of the study and the small number of women in the peri-menopausal group. Because of the small number of women in the perimenopause category, women were grouped into two groups: pre-vs. peri/postmenopause for analyses. Height and weight were measured twice by a technician. The average of the two measurements was used, and body mass index (BMI) was calculated as weight divided by the square of height (kg/m 2 ). The following Likert scales were used to measure neighborhood characteristics: (1) The Neighborhood Disorder (ND) Scale [34] assessed perceptions of neighborhood disorder with 11 items that served as a subset of City Stress Inventory, scaled as 0-33 (e.g., I heard neighbors complaining about crime in our neighborhood; People in the neighborhood complained about being harassed by police). (2) The Exposure to Violence (EV) Scale, [34] , is a 7 items subset of the City Stress Inventory, scaled as 0-21 (e.g., A family member was attacked or beaten; A friend was robbed or mugged). (3) The Perceived Violence (PV) Subscale is from the Project on Human Development in Chicago Neighborhoods: Community Survey, 1994-1995 [53] , scaled 5-20, (e.g., During the past 6 months, how often was there a fight in this neighborhood in which a weapon was used; How often were their sexual assaults/ rape). (4) The Neighborhood Social Cohesion and Trust (NSCT) Scale is a subscale of the Collective Efficacy instrument used to assess social cohesion among neighbors with 5 items, scaled 0-15 (e.g., This is a close-knit neighborhood; People around here are willing to help their neighbors) [54] . (5) The Everyday Discrimination Scale (EDS), scaled 0-45 [55] is a scale of 9 items that assesses chronic and routine experiences of unfair treatment (e.g., You are treated with less courtesy than other people; people act as if they are afraid of you; you are called names or insulted.)
Symptoms associated with menopause were queried with a frequently used questionnaire that embeds menopausal symptoms into a list of everyday complaints [56, 57] . Each participant was asked whether or not she had been bothered by each of 23 symptoms during the past 2 weeks, e.g., hot flashes, trouble sleeping, or feeling blue or depressed. Answers were assessed as yes/no.
We selected symptoms for study by first excluding 8 symptoms that were placed in the list to make the instrument less obviously about menopausal symptoms (diarrhea, persistent cough, upset stomach, sore throat, loss of appetite, menstrual problems, fluid retention, urinary tract/bladder infections). We also excluded one symptom, vaginal dryness, which was not expected to vary with contextual stress.
Statistical analysis
Exploratory factor analyses were carried out with the 14 remaining symptoms to examine how symptoms grouped in the entire sample. Our assumption was that symptoms clustering with hot flashes were our best candidates for the study of midlife symptoms. Scree plots were examined to identify the point at which eigenvalues began to level off. It was decided that three was the most informative number of factors. Three factors were extracted using the method of unweighted least squares with varimax rotation. Unweighted least squares was applied to achieve more conservative results (i.e., fewer symptoms with factor scores > 0.300).
We repeated the factor analyses and each time excluded one symptom that did not cluster with hot flashes. In this way, difficulty concentrating, rapid heartbeat, dizzy spells, and cold sweats were excluded. With each change, the total variance explained increased. The final 10 symptoms were: lack of energy, feeling blue/depressed, backaches, headaches, aches/stiffness in joints, shortness of breath, hot flashes, trouble sleeping, nervous tension, and pins/needles in hands/feet. With fewer than 10 symptoms, the total variance explained started to decline.
Bivariate Spearman correlations were examined among the scores for neighborhood disorder, violence, and discrimination. Spearman correlations were applied because scores were not normally distributed. We examined race/ethnicity in relation to neighborhood characteristics, and each symptom in relation to neighborhood characteristics using Mann-Whitney U tests. Symptoms significantly associated with neighborhood characteristics at the level of p < 0.20 were chosen for logistic regression analyses.
In those occasional situations where a participant was missing a subset of the items used to compute a scale score, we used a regression-based approach to estimate the expected value of the scale based on the non-missing items, and replaced/imputed the missing value with its expected value if the R 2 for the regression > 70%. By definition, the resulting equation is the optimal linear function of the available items for estimating the scale score based on data from those who answered all items.
We examined race/ethnicity, smoking, menopausal status, and education (< 12, 13-16, > 16 years) in relation to each symptom by chi-square analysis, and age and BMI in relation to each symptom by t-test and included race/ethnicity, smoking, education, and/or BMI as covariates in logistic regression models if the relationship between the variable and the symptom was p < 0.20 in unadjusted analyses. We did not include all possible covariates in our models in order to increase the power of each model.
Logistic regression analyses were carried out with the symptom (yes/no) as the dependent variable, with each neighborhood or discrimination scale as the primary independent variable controlling for any significant covariate(s). In addition, linear regression was used to examine derived factor scores as outcome variables with each neighborhood or discrimination scale as a predictor variable while controlling for covariates. All analyses were conducted with IBM SPSS Statistics for Windows, Version 24.0. Armonk, NY: IBM Corp. Table 1 shows the sample characteristics for the total sample (n = 139), and for the white (45%) and black (55%) women. Mean age was 49.1 years and did not vary by race/ethnicity. White women had higher levels of education, but did not significantly differ with regard to smoking, BMI, or menopausal status. All of the neighborhood and discrimination scales differed by race/ethnicity so that black women reported higher scores on negative neighborhood characteristics and discrimination, and a lower score on the positive neighborhood social cohesion and trust scale.
Results
There were no significant differences between white and black women with regard to symptom report. Only nervous tension approached significance (p = 0.05) ( Table 2 ).
Factor analysis
After selecting the 10 symptoms of interest, among all women, the first factor comprised psychosomatic symptoms. Hot flashes loaded onto the second factor along with three somatic symptoms (backaches, aches/stiffness in joints, and pins/needles in hands/feet). A third factor captured some remaining somatic symptoms, including headaches and shortness of breath. Although sample sizes were small, there were differences in factor loadings between white and black women. White women reflected the total sample findings. Among black women, hot flashes clustered with lack of energy, feeling blue/depressed, backaches, and nervous tension in addition to aches/stiffness in joints and pins/needles in hands/feet. Of the 10 symptoms in Table 3 , headaches, shortness of breath, and trouble sleeping did not group into a factor with hot flashes (Table 3) .
Spearman correlations
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Bivariate results
The following associations were found between symptoms and women's characteristics (data not shown). With regard to age at interview, women reporting aches/stiffness in joints (p < 0.001), hot flashes (p < 0.001) and nervous tension (p = 0.04) were older than women not reporting those symptoms. Women reporting headaches were younger (p = 0.006) than women not reporting headaches. With regard to menopausal status, peri-and post- Table 4 shows that the measures of Neighborhood Disorder were associated with 7 symptoms at the p < 0.2 level. In all instances, women with the symptoms had higher median levels of neighborhood disorder. The two measures of neighborhood violence (Exposure to Violence and Perceived Violence) were associated with 4 and 3 symptoms, respectively, at the p < 0.20 level. The Neighborhood Social Cohesion and Trust was associated with 2 symptoms so that women with more social cohesion and trust in the neighborhood were less likely to report backaches (p < 0.05) and aches/stiffness in joints (p < 0.20). The Everyday Discrimination Scale was associated with 4 symptoms at the p < 0.20 level.
Logistic regression results
Neighborhood Disorder remained significantly associated with feeling blue/depressed, aches/stiffness in joints, and hot flashes (OR 1.084, 95% CI 1.007-1.165) after controlling for model-specific independent variables (Table 5 ). Exposure to Violence did not remain associated with any symptom (Table 6 ), but aches/stiffness in joints remained associated with Perceived Violence after controlling for age, race/ethnicity, BMI and menopausal status (Table 7) . There was a lower risk of backaches as the neighborhood cohesion score increased (Table 8) . Finally, discrimination (Everyday Discrimination Scale) remained associated with lack of energy after controlling for model-specific independent variables (Table 9 ). Tables 5, 6 , 7, 8 and 9, in addition to neighborhood context and discrimination, increasing age reduced the risk of headaches, but elevated the risks of aches/stiffness in joints. Peri/post-menopausal status was associated with an increased likelihood of lack of energy in two models (OR 7.324 and OR 8.071) and an increased likelihood of hot flashes in three models (OR 4.734, OR 3.611, and OR 4.265). BMI was not associated with any symptom in logistic regression models after controlling for age, race/ethnicity, menopausal status, and neighborhood characteristics.
Looking across

Linear regression results
Both Neighborhood Disorder and Everyday Discrimination scores were significantly associated with derived Factor 1 scores (data not shown). Symptoms loading onto Factor 1 included "Feeling blue or depressed" and "Lack of energy." These results are consistent with our logistic regression results where the associations were significant between "Feeling blue or depressed" and Neighborhood Disorder (p = 0.011) and between "Lack of energy" and Everyday Discrimination (p = 0.006).
Discussion
The results of this study suggest that neighborhood context and discrimination may be associated with midlife symptoms in a cohort of black and white women residing in a large urban environment. To our knowledge, this is one of very few studies to extend the investigation of perceived social features of neighborhoods to symptoms among women at midlife. A major strength of this study is the many measures of neighborhood context collected in relation to the broad range of symptoms examined. A novel approach used factor analysis to focus our examination on ten symptoms, clustered on three factors. Of those ten symptoms, five were found to be significantly associated with neighborhood context or discrimination.
As is often the case with midlife symptoms [58] [59] [60] [61] , the ten symptoms of interest did not separate cleanly p < 0.20 using Mann-Whitney U test ND Neighborhood Disorder Scale, EV Exposure to Violence Scale, PV Perceived Violence Scale, NSCT Neighborhood Social Cohesion and Trust, EDS Everyday Discrimination Scale into distinct groups through factor analyses. Also consistent with other studies [58, 61] , there is population variation in how symptoms cluster. In the study presented here, depressed mood and hot flashes grouped together among the Black sample, but not the White sample or in the sample as a whole.
Lack of energy, feeling blue/depressed, aches/stiffness in joints, and hot flashes were the symptoms most vulnerable to the effect of negative neighborhood context. Each of these four symptoms remained significantly associated with different neighborhood characteristics after adjusting for model-specific covariates. All but lack of energy were associated with Neighborhood Disorder.
Why these symptoms would be most affected by neighborhood context is not immediately clear. Looking at the factor analyses, aches/stiffness in joints consistently clustered together with hot flashes, but feeling blue/depressed only clustered with hot flashes among Black women. Backaches and pins/needles also clustered with hot flashes, but backaches were only significantly associated with the Neighborhood Social Cohesion and Trust, and pins/needles were not associated with any measure of neighborhood context or discrimination. The factor analyses did not help us predict how symptoms would be associated with neighborhood stress.
Neighborhood Disorder remained significantly associated with feeling blue/depressed, aches/stiffness in joints, and hot flashes after controlling for model-specific independent variables. This suggests that stress related to neighborhood disorder may be expressed as emotional, somatic, and vasomotor experience. Somatization of emotional symptoms may at times serve as psychosomatic "idioms of distress," calling attention to difficulties that are hard to verbally express [62] [63] [64] .
Aches/stiffness in joints remained associated with Perceived Violence, but not Exposure to Violence, after controlling for age, race/ethnicity, BMI and menopausal status. Because of differences in the scales, as well as the relatively modest correlation between them (r = .489), it is not surprising that they are not similarly associated with midlife symptoms.
Only backaches were associated with the neighborhood cohesion score, decreasing the risk of backaches as the score increased (Table 8) . Women were 15% less likely to report having had backaches for each unit increase (1 point on a 0-15 point scale) on the Neighborhood Social Cohesion and Trust scale. Backaches may also be indicative of depression and somatization [65, 66] . The Multi-Ethnic Study of Atherosclerosis (MESA) found that neighborhoods with low levels of social cohesion had increased rates of depression [37] , but that was not the case here. It should be noted that the Neighborhood Social Cohesion and Trust scale in the MESA study was evaluated as tertiles, and a different measure of depressed mood (the Centers of Epidemiologic Studies Depression scale) was used. Finally, the Everyday Discrimination Scale remained associated with lack of energy after controlling for model-specific independent variables (Table 9) . A number of studies have documented associations between discrimination and physical symptoms The SWAN study found everyday discrimination was significantly associated with bodily pain in all ethnic groups [47] . In contrast, data from the Midlife Development in the United States study (MIDUS) did not show a significant association in whites, but demonstrated a significant positive relationship between perceived discrimination and frequency of back pain among African Americans, with a stronger association observed among AfricanAmerican women [67] .
In examining the relation between neighborhood social environments and discrimination with midlife symptoms, there were also contributions of age, race/ethnicity, and menopausal status. Older women had a reduced risk of headaches compared to younger women, in contrast to studies of tension-related headaches [68] . Older women had an elevated risk of aches/stiffness in joints, as would be expected [69] . Although higher rates of reported pain among African-Americans was noted in Dugan et al. [47] , the differences of 65% among black women vs 50% among white women in the frequency of aches/stiffness of joints observed in this study did not reach statistical significance, perhaps due to small numbers. Nervous tension was reported less frequently among black than white women (27% vs 44%, respectively), approaching statistical significance (p = 0.052). It is interesting to note, however, in models where neighborhood context or discrimination were significantly associated with a midlife symptom, race/ethnicity did not significantly add risk.
Peri/post-menopausal status was associated with an increased likelihood of lack of energy and, in three models, an increased likelihood of hot flashes. Lack of energy is frequently one of the most commonly reported symptoms among women at menopause [56, 70, 71] , and it is well established that the loss of estrogen during the late menopausal transition is associated with hot flashes [1] .
This study has several limitations. There is limited assessment of symptoms (i.e., presence in past 2 weeks, without assessment of frequency or bothersomeness.) Given the cross-sectional design of this study, we are unable to determine the temporal sequence of the reported relationships. This study posited that the effects of neighborhood context would be related to symptoms at midlife; however, a depressed person might perceive her neighborhood more negatively than a person without depressive symptoms [72] . Longitudinal studies are needed to address the direction of any causal association.
There is a potential for spurious associations given the multiplicity of outcomes. We were careful, however, to limit just those covariates into multivariable models that were significant or marginally significant in bivariate analyses. An additional limitation is the potential lack of power to detect significant findings due to the small sample size. Among the strengths of this study is the fact that participants were drawn Symptoms selected for logistic regression were those associated with the neighborhood characteristic in Table 4 b
Pre is the reference 
Conclusions
This study adds to the literature linking neighborhood environments to health outcomes. We have extended this literature to a number of women's midlife symptoms that have not been previously examined. In our sample comprised of both black and white women, we found that negative neighborhood context increased the risk of self-reported depression, aches/stiffness in joints, and hot flashes while greater social cohesion lowered the risk of backaches. The association between discrimination and lack of energy is intriguing, and points to the need to further examine links between exposure to everyday discrimination, and other measures of neighborhood context, and multiple physiological systems. Symptoms selected for logistic regression were those associated with the neighborhood characteristic in Table 4 b
